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Abstract The scientific evidence for weather being a

trigger factor for migraine attacks is inconclusive. We

investigated the association between weather components

and the onset and severity of attacks. Headache diaries of

20 migraineurs were analyzed retrospectively and corre-

lated in 4-h intervals to atmospheric air pressure, temper-

ature, and relative air humidity in Berlin (Germany) for a

period of 12 consecutive months. Absolute values and

relative changes within the preceding 24 h were analyzed.

Migraine attacks started most frequently at 4 a.m. and

reached the highest intensity between 4 and 8 a.m. A

highly significant association between meteorological

variables and the occurrence of migraine attacks was found

in six patients. The onset of an attack as well as high

headache intensity was associated with lower temperature

and higher humidity. Our data indicate that a subgroup

of migraineurs is highly sensitive to changes of certain

weather components.

Keywords Migraine � Weather � Temperature �
Humidity � Atmospheric pressure

Introduction

The link between migraine and weather remains obscure.

While some migraineurs convincingly report weather as a

reliable exogenous trigger factor for their attacks, others

strictly rule out any weather influence. Clinical studies

support these contradicting observations [1].

Epidemiological analyses were also not conclusive so far.

Cooke et al. [2] found a higher probability for the start of a

migraine attack on preChinook and Chinook wind days in

different patient subgroups in western Canada. In addition,

50% of subjects were found to be weather sensitive in a

North American prospective study [3]. However, emergency

room treatments for migraine were not correlated with

weather conditions 24 h prior to the visit which raises

doubts about an influence of the weather on severe migraine

attacks, in line with results from another British study [4, 5].

This analysis failed to identify a relationship between

atmospheric changes and the incidence of migraine. A

separate group of 100 patients attending the Princess Mar-

garet Migraine Clinic in London for routine consultation

was analyzed with the same negative result [5]. Several

reasons may account for the differences between studies.

The study of weather as a causal factor of migraine is

further hampered by a number of complexities. Weather

consists of several components such as air pressure,

humidity, temperature, and their changes from day to day

and within 1 day. Moreover, wind and spherics also vary

within hours. Therefore, each of these factors must be

analyzed separately in relation to migraine and daytime has

to be taken into account as a possible confounding factor.
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The aim of our study was to analyze headache data over

a period of 12 consecutive months and correlate these to

specific weather components and their relative changes in

order to determine whether any of these factors is linked to

the occurrence or severity of a migraine attack.

Methods

Patients

We retrospectively evaluated the clinical data of 20 ran-

domly selected patients (5 male, 15 female) of the Head-

ache Outpatient Department at Charité Universitätsmedizin

Berlin, Germany. For inclusion, patients had to be 18 to

65-years-old, residents of Berlin (max. 50 km distance

from the headache center) and diagnosed with episodic

migraine with or without aura (migraine with aura n = 4,

migraine without aura n = 16) based on the criteria of the

International Headache Society [6]. We asked consecutive

patients who presented for routine consultation and also

fulfilled the inclusion criteria for consent. If positive, the

headache diaries of the preceding 12 months of each

patient were included in the study until a total of 20 calendar

sets for analysis was reached.

Data were acquired from the patient’s headache diary,

which is routinely used by all patients of the headache

clinic. Herein, patients report headache frequency, loca-

tion, duration, character, and intensity in 4-h intervals.

Headache intensity is rated on a scale between 0 (no

headache) and 5 (max. intensity). Headache diaries had to

be completed over at least 12 consecutive months between

1 January 2006 and 31 December 2007. The 12-month time

frame was chosen in order to exclude a possible bias that

may be caused by seasonal differences of migraine attack

occurrence. Patients with any headaches other than

migraine were excluded from the study. Data of patients on

prophylactic migraine treatment were included if the

patient was on a stable dose for at least 3 months prior to

and during the entire observation period.

Weather data

Weather data were obtained from the German Meteoro-

logical Service (Deutscher Wetterdienst, Offenbach,

Germany) for the meteorological station Berlin-Alexan-

derplatz (distance to hospital approx. 700 m). Weather data

were recorded every single hour, 24 h a day from 1 January

2006 to 31 December 2007. Statistical analysis used the

data in 4-h time frames in analogy to the patient diaries.

Data were obtained for atmospheric pressure (in HPa),

temperature (in �C) and relative air humidity (in %).

Statistics

We differentiate between migraine attacks and migraine

periods. Migraine attacks were documented by patient

diaries. An attack is a single note in this diary. Single

attacks were combined to migraine periods. Two attacks

were defined as belonging to two separate migraine

periods if the headache free interval between both attacks

was at least 48 h. The beginning of migraine periods and

the intensity of migraine attacks were correlated with

meteorological data from the preceding 24 h. Absolute

values of these data as well as changes were taken into

account. For each patient a separate analysis of 1-year

data was performed. This approach required calculations

with a total of 788.400 data points. In order to avoid

multiple testing for the calendar analyses of months, days,

and time of day, pairwise comparisons were done using

Tukey’s B test. This type of test is suitable when all

pairwise tests are performed for any specific factor. For

the construction of classifiers (individually for the

patients), logistic regression analysis (outcome: migraine

period yes/no; covariates: meteorological data, calendar

data, diurnal profile data) was applied with forward var-

iable selection. Forward variable selection is a technique

which avoids the overfitting of models, i.e., the inclusion

of too many covariates. Quality of classification was

examined using ROC analysis. These results were cross

validated using the leaving-one-out method. The under-

lying idea is to construct 20 different classifiers, ignoring

one patient for each. Subsequently, each of these classi-

fiers is applied to exactly that subject, which was not used

for the construction of the classifier. This leads to an

unbiased estimation of the true classification rate. The

level of significance was 0.05 (two-sided). As multiple

significance tests were applied, the number of significant

results expected by chance and the observed number of

significant results were compared. Overall, 420 statistical

tests were applied (20 subjects, 3 variables, 7 measure-

ment points) in the analysis of migraine intensities. To

adjust for multiple testing the method of false discovery

rate (FDR) was applied for an alpha error of 0.05 [7]. This

method is standard in bioinformatics where large numbers

of tests are very common. Using this method the p values

are ordered for decreasing values. The highest p value is

compared to 0.05, the second highest to 0.05/2, and so on,

the smallest p value is compared to 0.05/420. If in this

sequence for one corrected p value significance is

achieved, all p values smaller than this index value are

considered significant. It is then ensured, that the fre-

quency of falsely rejected null hypotheses is at most 5%.

For statistical calculations commercially available soft-

ware (SPSS for Windows, 15.0) was used.

J Neurol (2011) 258:596–602 597

123



Results

Calendar data

Data analysis revealed highly significant differences

between the six time points defined by the 4-h intervals for

the onset of migraine (p \ 0.001 for attacks and periods).

Migraine periods started more frequently at 4 a.m. as

compared to all other time points (Fig. 1). They were most

severe at onset (4 a.m.) and at 8 a.m. and less severe at

midnight (Fig. 2).

There was a slight dependency of migraine attacks on

months, with a peak number in January and less frequent

attacks in August; however, this was not statistically sig-

nificant (Fig. 3). We did not find a relation between spe-

cific days of the week (e.g., weekend) and migraine attacks.

Weather data, patient-wise analysis adjusted for time

of the day

Daytime adjustment was necessary as the probability of

migraine varies significantly during the course of a day.

After adjusting for daytime, 106 significant results were

found in 780 significance tests (number expected by

chance: 39 significant results). In six patients (patient ID 3,

4, 9, 11, 15, 20), at least seven significant associations were

found between meteorological variables and headache

intensities compared to two significances expected by

chance (Table 1). In another six patients none, one, or two

significances were observed (patient ID 2, 6, 8, 12, 13, 18,

Table 1). For the remaining patients, three to six significant

results were found. Concerning the three types of meteo-

rological measurements, n = 34 significances were found

for air pressure, n = 28 for temperature, and n = 44 for

relative humidity (for each type of meteorological variable,

13 significances would have been expected). Applying the

FDR method, 23 significant tests out of 420 FDR tests

remained. Among these tests, 21 were related to four of the

20 subjects (subject number 3, 4, 9, and 20). The significant

tests were equally distributed for the time points, 12 out of

23 significances were obtained for air pressure values. The

remaining significances were equally distributed between

humidity (six significant results) and temperature (five

significant results).

Weather data, patient-wise classification, adjusted

for time of the day

For five patients (ID 4, 5, 9, 15, 20), an individual classi-

fication for the occurrence of migraine periods according to

weather data was feasible. For these patients, areas under

the curve (cross validated) were between 0.72 and 0.82.

Note that this classification was based on weather variables

combined with time of the day. Areas under the ROC curve

for only time of the day were about 5% smaller than those

including both, weather data and time of the day. There

was no correlation between the number of migraine periods

or attacks and the sensitivity to any weather component.

Weather data, analysis for the overall population

No significant association was found between air pressure

and the beginning of new migraine periods. In contrast,

temperature was significantly lower and humidity was

significantly higher at the beginning of periods. Similarly,

lower temperature and higher humidity were associated

with a higher intensity of attacks. After adjustment for

daytime, a weak association between temperature (18 and

24 h before the period) and onset of a new migraine period

persisted. In addition, the intensity of attacks and lower air

pressure were significantly associated as well as head-

ache intensity and humidity. A marginal association was

observed between the intensity of attacks and temperature.

Fig. 1 The time of onset of new migraine periods (first headache

diary entry of a migraine attack after a headache free period of at least

48 h). The colour code shows the intensities of the first headache

diary entry (darker colours indicate strong headaches and light
colours indicate milder headache). The start of more than 250 new

migraine periods was recorded at 4 a.m., which is strikingly different

from all other time points. As expected, the lowest number of new

migraine periods (n = 65) began in the evening (8 p.m.)

Fig. 2 The intensities of all migraine attacks according to daytime

(all entries are analyzed). Migraine attacks were most intense in the

morning between 4 and 8 a.m. Few entries are recorded at midnight,

which might be due to nocturnal sleep. However, if headaches were

severe at this time point, subjects would wake up due to the pain as

might be the case for headache onset at 4 a.m. (as illustrated in Fig. 1)
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The area under the ROC curve was 0.57 in multivariate

analysis (cross validated) and thus not satisfactorily.

Discussion

Our study shows that, in a subset of patients, lower tem-

perature and higher relative humidity correlate with the

onset of a migraine period independently of the time of the

day. In some patients an individual classification for

the occurrence of migraine periods according to weather

data was feasible. Highly significant associations were

found between relative air humidity as well as atmospheric

air pressure and headache intensities in a subset of indi-

viduals. In only four patients no correlation to any of the

investigated weather parameters was seen. We conclude

that a subgroup of migraine subjects is sensitive to changes

in temperature and relative humidity which results in the

generation of a migraine attack.

Two older studies did not find any significant correlation

between the occurrence of migraine attacks and atmo-

spheric pressure, temperature, or relative humidity [5, 8].

Likewise, a more recent study which investigated the

correlation between changes of specific weather parameters

and the number of emergency room visits for treatment of

an acute migraine attack, failed to prove a direct link [4].

A new analysis of 7,054 emergency room patients with

the primary discharge diagnosis of ‘‘headache’’ showed

that higher ambient temperature leads to an increased risk

of headache requiring emergency department evaluation.

The risk further increases in migraineurs. Interestingly,

atmospheric air pressure only increased the headache risk

of non-migraine cases [9]. Despite the high number of

patients evaluated in this study, results have to be inter-

preted with caution as the diagnosis was made by emer-

gency department physicians not specialized in neurology

and based only on a single consultation. The onset of

headache was also not documented in this study.

Contradicting findings exist. Cooke et al. [2, 10] could

identify an association between the occurrence of migraine

attacks and Chinook winds. Chinook winds occur in the

southern part of the province of Alberta, Canada, and are

associated with a drop in atmospheric pressure as the wind

starts blowing high wind velocities and an abrupt increase

in temperature. For a subgroup of patients (15 out of 75), a

significant correlation was identified. Another prospective

North American study observed a correlation between

migraine and specific weather parameters in a subgroup of

patients [3]. Cull et al. [11] found that lower atmospheric

pressure leads to a lower attack frequency, a finding which

could not be reproduced by Cooke et al. [2].

Many reasons may account for different results between

previous studies. In particular, prior to the IHS classification

1988, study inclusion and observation criteria were soft and

imprecise. Primary headache disorders were not analyzed

separately which resulted in the combined analysis of dis-

orders with different underlying pathophysiological mech-

anisms [12, 13]. This led to non reproducibility of findings.

Various weather components (e.g., atmospheric pressure,

temperature, relative humidity) were often analyzed toge-

ther in relation to the occurrence of migraine attacks [1]. In

studies with separate analyses of specific weather compo-

nents, various classifiers were used which also reduces

comparability.

While prospective data acquisition is usually preferred

in clinical studies, the retrospective design of our analysis

has the advantage that headache recordings are not biased

because patients were not aware of the study when they

documented their migraines. Moreover, we analyzed three

specific meteorological parameters and used a small time

frame of 4-h intervals for the comparison with data

obtained from the headache diaries.

Another advantage of our study is the methodological

approach. We evaluated headache data of each patient in a

longitudinal approach. This approach was necessary to

determine whether the suspected sensitivity to specific

Fig. 3 The absolute number of

all migraine attacks within

12 months. While migraine

occurs most frequently in

January, the number of attacks

was lower in August. However,

a clear relation of attacks to any

month could not be detected
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meteorological parameters affects all or only a subgroup of

migraineurs. Hence, our statistical approach allows us to

correlate the onset of migraine attacks to a certain weather

condition and, beyond that, to consider the preceding 24 h

in the analysis. To the best of our knowledge, a migraine

weather study with a longitudinal approach which includes

three weather parameters and observation time frames as

short as 4 h has not been published.

The patient-wise analysis of our study might, at least in

part, explain why we reach statistical significance for some

parameters while others failed to do so, especially if sig-

nificance was calculated for the entire population.

Potential shortcomings of this work are mainly of a

statistical nature and result from the huge amount of data

points. Because of the quantity of headache (and weather

parameter) time points, even slight differences quickly

reach statistical significance. These significances, as such,

do not always permit conclusions and might even be far

away from resembling clinical reality. To address this

problem we performed multiple testing. Obviously this

approach (multiple testing) is sensitive to the problems

associated with multiple testing.

We performed 780 tests of significance (Table 1) and,

therefore, expected 39 significant results by chance.

However, 106 significant results were detected. In addition,

some patients show a strikingly clear sensitivity to mete-

orological data. Even if we exclude patient 20 (with out-

standing correlations) from the analysis, 86 significant

results still remain in contrast to the 37 expected ones.

We also found some patients who show only few or

no significant results. Thus, our analysis suggests that

some patients are clearly not sensitive to meteorological

conditions.

Our analysis could be hampered by the fact that the

variables used in the tests were in part highly correlated,

especially due to the high autocorrelation in the three time

series of meteorological data. However, this does not

change the number of expected significances but may lead

to more (or less) significances by chance.

In an exploratory principal component analysis (results

not given in detail), five components account for 93% of

the variance of our meteorological variables (criterion

Eigen value [1). Thus, we can assume that the meteoro-

logical data contain five independent pieces of information

for each of the 20 patients. With 100 independent signifi-

cance tests, five significances would have been expected,

and the upper limit of a two-sided 95% confidence interval

for the number of observed significances would have been

11.28%. We found 106 in 780 = 13.6% significant results

which may be an argument that overall results did not

appear by chance. Because of the extensive statistical

analysis it is obvious that no single significant result of our

study confirms the hypothesis. On the other hand, lack of

significance by no means proves absence of effect. From

our point of view the overall results show proof of concept.

One shortcoming is the relatively small sample number.

Nevertheless, even with 20 patients it seems to be evident

that there are weather-sensitive and weather-insensitive

migraineurs. This finding is unlikely to change even with a

higher amount of patients. Because only a subset of

patients is weather sensitive, we cannot rule out entirely

that a potential barometric effect may appear in a signifi-

cantly larger sample size.

However, the presented sample size does not permit

reliable individual predictions about a single weather-

induced migraine attack.

We can only speculate about the effect of preventatives

on this analysis. As preventatives reduce the probability of

attacks triggered by different stimuli, their use could pos-

sibly confound the analysis, i.e., reducing the strength of

any causal effect. To minimize potential confounding

effects of preventatives, all patients had to remain on a

stable dose throughout the course of the study.

In this study we are focussing on headaches as a key

feature of a migraine attack. Other components of

migraine, such as autonomous symptoms, aura or pre-

monitory symptoms, were not studied. This may be a

shortcoming. However, we concentrated on the migraine

headache as the most frequent symptom in order to gen-

erate a result that applies to the vast majority of patients.

The study of premonitory symptoms in relation to the

weather is interesting, but is confounded by the frequency

and character of symptoms. Many patients are not aware

that a certain symptom (e.g., mood swings, strong appetite)

which proceeds the headache is a part of their migraine or

only realize post hoc once the headache occurs. Accord-

ingly, patients’ diaries are incomplete in this respect and it

is almost impossible to run a retrospective analysis.

The pathophysiological link between weather changes

and the occurrence of migraine attacks remains obscure

and our analysis is not intended to provide insight into this

matter. One may speculate that certain changes of specific

weather parameters lead to an increase of neuronal excit-

ability of trigeminal neurons and thereby facilitate the

beginning of a migraine attack. The reason why this

association can be found only in a subgroup of migraineurs

remains unclear. Genetic predisposition may be the cause

for higher susceptibility to neuron-exciting weather

parameters.

In summary, our data demonstrate that in a significant

subset of migraineurs the change of specific weather

components is associated with the onset of a migraine

attack. This finding suggests that affected migraineurs have

an increased susceptibility to these weather conditions.
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13. Osterman PO, Lövstrand KG, Lundberg PO, Lundquist S, Muhr

C (1981) Weekly headache periodicity and the effect of weather

changes on headache. Int J Biometeor 25:39–45

602 J Neurol (2011) 258:596–602

123


	Weather sensitivity in migraineurs
	Abstract
	Introduction
	Methods
	Patients
	Weather data
	Statistics

	Results
	Calendar data
	Weather data, patient-wise analysis adjusted for time of the day
	Weather data, patient-wise classification, adjusted for time of the day
	Weather data, analysis for the overall population

	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


